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Introduction 
This report examines the environmental drivers of migration in the Mediterranean, with 
particular focus on the role of ecosystem services and the impact of environmental hazards as 
potential push and pull factors. Environmental drivers are just one set of potential drivers for 
migration described in the Foresight ‘drivers of migration’ pentagon alongside demographic, 
social, political and economic drivers. In the complex and diverse Mediterranean political, 
social and economic landscapes, environmental drivers rarely work in isolation of the other 
drivers, except in rare cases of migration forced by hazard. Nevertheless, environment plays a 
part and so we must consider how environmental drivers help to define the ecosystem services 
and disservices (such as hazards) that might combine with political, social and economic 
factors to provide push or pull conditions which then encourage migration. Moreover, the 
environment is rarely static and, given pressures on the global environment in general and the 
Mediterranean environment in particular, we need to analyse how ecosystem service provision 
and hazardscapes might change in the future and what the potential implications of such 
change might be for encouraging particular types of migration. The substantial role of non-
environmental drivers (i.e. politics, social, cultural and economic factors) is covered by a 
separate report (DR8b). 
Understanding the migration-relevant status and trends in biophysical drivers for the 
Mediterranean requires both a quantitative data-based analysis and a broad review of relevant 
published and grey literature in this area. We start with a quantitative analysis and review of the 
current status of environment, ecosystem services and hazards in the Mediterranean, and then 
review the published future climate change scenarios for the region. Finally, we assess the 
probable impact of these scenarios on ecosystem services and exposure to hazards in the 
Mediterranean and their potential implications for driving migration. We provide data-based 
geographic information systems (GIS) analysis and modelling across the Mediterranean in 
order to characterise the diversity of states and changes expected across the region rather 
than rely on extrapolating the outcomes of location-specific studies. We present the results as 
a series of maps rather than summarising the data by country. This is important because there 
are significant within-country variations in the drivers and context which might often lead to 
internal rather than international migration. Moreover, some of these drivers operate only in 
small areas of a national territory. Summary by country would focus the analysis on 
international differences only. We make efforts to include the uncertainty associated with the 
future scenarios and their impacts on the drivers of migration. We close with a set of broad 
conclusions based on both the data analysis and the literature review. 
The geographical area of study includes the Mediterranean countries defined below as well as 
the potential migratory ‘pull’ countries of northern Europe since climate change will impact both 
push and pull areas and thus the interaction between them. The Mediterranean as defined here 
comprises the following Mediterranean Basin countries [each followed by its United Nations 
(UN) country code]: Morocco (169), Algeria (4), Libya (145), Tunisia (248), Egypt (40765), 
Israel (121), West Bank (267), Lebanon (141), Syria (238), Turkey (249), Greece (97), Albania 
(3), Montenegro (2647), Bosnia and Herzegovina (34), Croatia (62), Slovenia (224), Italy (122), 
France (85), Sardinia (122), Malta (156), Cyprus (97), Sicily (122), Spain (229) and Portugal 
(199); see Figure 1.  
While environmental changes in these countries might act to increase the ‘push’ factors for 
migration out of them, we should understand that the pull factors for migration into specific 
countries are also subject to the impacts of environmental change. We thus also analyse 
changes in ‘pull’ factors as a result of environmental change by replicating our analysis in those DR8a  5
countries that we consider as being potential European destination countries for migrants from 
the Mediterranean. We are considering the northern European ‘pull’ countries outside the 
Mediterranean as the UK (256), Ireland (119), Belgium (27), Netherlands (177), Germany (93), 
Switzerland (237), Austria (18), Denmark (69), Sweden (236), Norway (186) and Finland (84); 
see Figure 1. 
Figure 1: Mediterranean and Northern European countries as defined for this analysis. 
 
Current environmental status of the 
Mediterranean and northern Europe 
We begin by analysing the current environmental status of these Mediterranean and northern 
European countries with a specific emphasis on differences both within and between countries. 
This analysis sets the context for environmental change and the potential biophysical drivers 
for migration. 
Climate and recent climate variability 
The climate of the Mediterranean region is characterised by hot, dry summers and cool, wet 
winters (Conacher and Conacher, 1998). It is a region of significant climate variability, both 
spatially and temporally, with extremes of drought and of torrential rainfall varying seasonally, 
inter-annually and in the long term. The observed climate variability in the Mediterranean is a 
function of the mixture of climate influences upon it (Lionello et al., 2006). The high mountain 
ridges surrounding the Mediterranean Sea and the complex coastal and island morphologies of 
the region produce distinct climatic features spatially, and the Mediterranean countries have 
strong latitudinal precipitation and temperature gradients. Precipitation decreases from north to 
south and from west to east and temperature increases along the same gradients (Figures 2 DR8a  6
and 3). These strong gradients mean that regions of the Mediterranean are very sensitive to 
small shifts in climate. There are also significant montane and coastal effects on temperature 
and precipitation, with mountain and coastal areas generally being cooler and wetter. 
Precipitation for large southerly areas of the southern Mediterranean national territories is close 
to zero, rising steeply towards the southern Mediterranean coast and further increasing in the 
northern Mediterranean. 
Figure 2: Mean annual precipitation (mm). Source: Hijmans et al. (2005). Areas shown in 
purple are zero and in white are greater than the legend maximum or outside of the 
region of interest. DR8a  7
Figure 3: Mean annual temperature (ºC). Source Hijmans et al. (2005). Areas shown in 
purple are less than zero and in white are greater than the legend maximum or outside 
of the region of interest. 
 
Land use and productivity 
According to the best available satellite assessments, dryland agriculture dominates the 
European Union Mediterranean countries as well as the non-Scandinavian northern European 
countries (Figure 4). Significant areas of dryland agriculture are present, especially in the 
northern Mediterranean and in coastal and deltaic areas of Morocco, Algeria, Tunisia and 
Egypt. These dry-cropping areas may be more vulnerable to the effects of drought than those 
areas supporting irrigated cropland. DR8a  8
Figure 4: Dry crops in Mediterranean and northern European countries according to 
GlobCover continuous fields (Mulligan, 2009). 
 
Figure 5 shows satellite-derived annual mean dry matter productivity (as a mean for the period 
2000–10) for the Mediterranean and northern Europe. This measure is for all plant systems, 
not only for crops, and shows strong gradients, with the highest observed values in the 
northern Mediterranean (Italy, Sardinia, northern Spain, Greece) and a strong decline towards 
the southern Mediterranean and northern European land masses. Towards the south and east, 
water becomes limiting because of the observed gradient in precipitation (Figure 2) towards the 
north solar radiation and temperature become limiting (Figure 3), especially in the winter. DR8a  9
Figure 5: Dry matter productivity (Dg/ha/day) for the Mediterranean and northern 
Europe. Source: Mulligan (2009). Areas in purple are zero and in white are outside of the 
area of interest. 
 
Figure 6  Percentage of land irrigated. Source: Siebert et al. (2007). Areas in purple are 
zero and in white are outside of the area of interest. 
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Figure 6 indicates the extent of agricultural irrigation in the study area. Irrigation is clearly highly 
localised with areas of intensive irrigation in the Nile Delta, northern Italy, parts of Greece, 
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grazing is much more extensive than intensive in the Mediterranean and 
occurs throughout the northern and eastern Mediterranean and in mountains, coastal areas 
France, Spain, Morocco and Turkey. Extensive (rather than intensive) irrigation occurs 
throughout the northern Mediterranean and parts of lowland northern Europe. Heavily irriga
areas are clearly less vulnerable to short-term drought (if irrigation water is available) an
sustain higher productivity but are more vulnerable to degradation of soil and water resources if
evapotranspiration rates are maintained at values consistently greater than the groundwater 
recharge rates or water supply capacity. 
Major crops of the Mediterran
The main crops in the Mediterranean partner countries (MPCs) according to
dates. Vegetables (mainly tomatoes, potatoes and onion) account for nearly 40% of to
production, with 38.9 million tonnes produced on average per year over the period 2000–0
The second largest crop is cereals, which account for 33%, with 32 million tonnes, followe
fruits, with 13.6 million tonnes. Egypt is the largest producer of vegetables, cereals and fruit. 
Cereals are the major crop in Europe, mainly wheat but also barley, maize, rice and oats. In 
tonnes), Germany (40.6 million tonnes) and Poland (27.1 million tonnes). These are followed
by Spain (23.8 million tonnes), the UK (19.4 million tonnes) and Italy (18.8 million tonnes). 
However, cereal production is sensitive to annual fluctuations in weather conditions and prices
For example, cereal production rose sharply in 2004 (29% higher than 2003), then fell betw
2004 and 2007 (–20%). Then, in response to the very high cereal prices in 2007, production in 
2008 increased by 19% but dropped by 6% in 2009, probably because of the unusually high 
temperatures and water shortages in southern and eastern Europe, and the persistent rains 
during the harvest in northern Europe (Eurostat, 2010a).  
According to Eurostat (2010a), the other major crops grow
Mediterranean countries as, in general, the climate is more conducive to such productio
Grazing lands 
Figure 7 shows that 
and river margins in the southern Mediterranean. Cattle are clearly intensive in parts of 
northern England, Scotland, Wales and the Netherlands. DR8a 11
Figure 7  :Total grazers (head count/km
2). Source: Wint and Robinson (2007). Areas in 
purple are zero and in white are outside of the area of interest. 
 
Overall, the north and east Mediterranean are both productive and extensively used for dryland 
or irrigated agriculture or for grazing. In the southern Mediterranean, only coastal, mountainous 
and river valley locations are extensively used, with agriculturally unproductive areas covering 
large parts of these countries. Both agriculture and grazing are much more intensive in 
northern Europe, especially outside Scandinavia. 
Drivers of recent agricultural change 
Agricultural production in the Mediterranean has significantly increased over the past 50 years. 
Since 1961, production has increased 3-fold for cereals, 2.5-fold for vegetables and 5-fold for 
citrus fruits, all of which account for over 85% of the total agricultural production in the 
Mediterranean (Plan Bleu, 2009a). Northern Mediterranean countries (NMCs) are particularly 
significant agricultural producers. 
However, the growth rate in agricultural production has started to fall in recent years in all 
Mediterranean countries with the exception of Egypt, which showed remarkable increases in 
the period 1961–83 and still grew, but at a much slower growth rate, in the period 1984–2007 
(Plan Bleu, 2009a). This has affected trade balances, and Mediterranean countries are 
becoming increasingly dependent on foreign food imports. Nevertheless, southern Europe still 
exports much of its produce. From 1999 to 2005, non-EU Mediterranean countries were, 
overall net importers of food from the EU-27, spending over €50 billion in total over the 6 years. 
Fruit (predominantly citrus), vegetables and olive oil were key export crops for the EU 
Mediterranean, with a total value of €14.1 billion and a net value of €12.1 billion for the region 
over the 6 years (European Commission, 2005). DR8a 12
The southern Mediterranean clearly suffers from a shortage of natural resources for agricultural 
production (water, cultivable land, etc.), but owing to the increase in irrigation of land, there has 
been remarkable increases in productivity in the region. Although rain-fed agriculture still 
predominates in terms of areal coverage in the Mediterranean, it is on irrigated land that the 
greatest productivity gains have been achieved in recent years (Montgomery, 2009). The total 
irrigated area in the Mediterranean countries doubled in 40 years to exceed 26 million hectares 
in 2005, now representing over 20% of the land under cultivation (Plan Bleu, 2009a). Access to 
irrigation has therefore become the main driver for recent agricultural change in the North 
African countries, and irrigation technology and experience has accumulated in this area. 
There are sound economic drivers for the increase in irrigation in North Africa according to 
Awwad (2003), including ‘out-of-season’ production of vegetables and fruits, which is cost-
effective because of high market prices and low labour costs in North Africa. 
Recent agricultural intensification and land degradation 
The area under arable and permanent cropping has not increased alongside annual 
agricultural production, indicating a trend for intensification rather than extensification. In fact, 
since 1961, arable land per capita in the Mediterranean has halved (Plan Bleu, 2009a). Figure 
8 shows the percentage change in absolute area under agriculture between 1961 and 2007. 
Although some countries have increased their agricultural area, notably the southern countries, 
a significant area of agricultural land has been lost elsewhere. Plan Bleu (2009a) indicates the 
changes are due to either land abandonment resulting from land degradation or the land being 
built upon as a result of increasing urbanisation. 
Figure 8: Percentage change in agricultural area between 1961 and 2007. Reproduced 
using data sourced from FAO Statistics Division, database accessed 05 May 2010. 
As farming shifts to more intensive practices, yields may increase in the short term but poor 
land management can eventually lead to land degradation in some areas. Land degradation is 
said to affect 80% of the arid and dry areas of the south and east Mediterranean, especially 
pasturelands and rain-fed croplands (Plan Bleu, 2005), and even irrigated land is sometimes 
under threat (Thivet, 2007). The EU MEDALUS (Mediterranean desertification and land use) 
programme has studied changes in land use across the NMCs and found that extensive DR8a 13
deforestation of hilly areas and intensive cultivation with rain-fed cereals has already led to 
accelerated erosion and degradation (Kosmas, Kirkby and Geeson, 1999). Land suitable for 
food production is abandoned every year as a result of erosion, loss of fertility, salinisation and 
urbanisation, overgrazing, poor soil management and poor drainage on irrigated land. Land 
degradation has been linked to population migration in the past, for example the Thessaly Plain 
was grazed for centuries by transhumance flocks and herds but after significant immigration in 
the early 1920s these areas were used for wheat cultivation and are said to be degrading 
(Kosmas et al., 1999). However, the Mediterranean region has a long history of intensive use 
by humans resulting in biological adaptations that provide high ecosystem resilience to human 
impact, and there is increasing recognition that Mediterranean-type ecosystems should not be 
regarded as fragile, degraded landscapes but rather as disturbance adapted (Allen, 2003). 
Drivers of degradation 
The shift towards intensively farmed cereals and towards intensive grazing systems in the 
northern Mediterranean is driven by (i) market drivers and regional agricultural policies, in 
particular subsidies (Roeder et al., 2008); (ii) rural labour restrictions in the face of significant 
rural–urban migration; and (iii) increasing mechanisation. Young farmers find the harsh working 
conditions unattractive compared with urban livelihoods; taking animals to graze is a hard and 
time-demanding job (Ruiz et al., 2001) with low economic rewards compared with many other 
careers. Intensive measures such as mechanised self-feeding systems that ensure balanced 
diets provide scope for substantial reduction of the workload (Riedel, 2007) and increased 
production efficiency. 
In the southern Mediterranean, cultivation has encroached onto rangelands, driven by 
population growth and national policies, and has sometimes resulted in land degradation 
(Safriel, 2009). In the south and the east (from Morocco to Turkey), despite rural–urban 
migration, the agricultural population increased by 10 million (16%) within 40 years, reaching 
71 million in 2000 (Thivet, 2007). This can be contrasted with the northern Mediterranean, 
where, from Spain to Greece, the agricultural population decreased substantially, from 46 
million to 12 million (Thivet, 2007). This depopulation or ‘desertification’ has led to profound 
changes in the nature of rural landscapes and the balance between farming and natural 
systems. 
Ecosystems, forests and protected areas 
As well as significant human populations, the Mediterranean supports some important 
ecosystems which sustain various ecosystem services. The varied climate and landscape of 
the Mediterranean countries has generated a wide range of ecosystem types. The southern 
Mediterranean is predominantly a desert ecosystem, with agro-ecosystems present in northern 
Morocco, Algeria, Tunisia and the Nile Valley. NMCs have higher tree cover, associated with 
the major mountain chains. In the northern Mediterranean, the lowlands are primarily agro-
ecosystems, interspersed with open ‘Matorral’ shrubland, some Quercus- and Pinus-dominated 
forests and crop/natural vegetation mosaics (see, for example, Hansen et al., 1998) which are 
water-stressed in the dry summer months (Petit et al., 2005). Mediterranean ecosystems rival 
tropical ecosystems in terms of plant biodiversity (Allen, 2003); the Mediterranean Basin itself 
hosts 25,000 plant species, half of which are endemic (Vogiatzakis et al., 2006). 
We attempt here to indicate the most important of these areas in terms of conservation priority 
and ecosystems services using analysis of a range of GIS datasets. Figure 9 shows 
conservation priority as calculated by the overlap of a set of international conservation priority 
schemes. Datasets used to assess conservation priority were biodiversity hotspots (Myers et DR8a 14
al., 2000), last of the wild (LOTW; Sanderson et al., 2002), global 200 ecoregions (G2; Oleson 
and Dinerstein, 1998) and important bird areas (IBAs; Birdlife International, 2008). These 
assessments include measures of biological importance and representation (BH, G2, LOTW, 
IBAs), threat (BH, G2) and lack of threat (LOTW) and should provide a reasonable 
representation of overall conservation priority. 
Figure 9: Conservation priority. Combined prioritisations for protected areas of World 
Wildlife Fund for Nature, Conservation International and Birdlife International (not UK – 
no data available). Purple means not a priority area for any, orange is priority area for 
one of these organisations, yellow is priority area for two organisations and green is 
priority for all three organisations. Areas in white are outside the area of interest. 
 
Figure 9 shows the overlap of these four conservation priority areas. Clearly, the 
Mediterranean itself is a priority, representing one of Myers et al.’s (2000) biodiversity hotspots. 
In general, coastal areas of north, south and east Mediterranean are important from a 
biodiversity conservation perspective, while large areas of lowland northern Europe are of low 
priority under these schemes. While not a driver of migration, conservation priority is an 
indicator of the importance of ecosystems in terms of at least some of the ecosystem services 
that contribute to quality of life (notably the cultural, aesthetic and recreational). 
Socioeconomic context 
It is the role of report DR8b to provide the political and socioeconomic context for migration in 
the Mediterranean, but to be consistent with the spatial biophysical context discussed, we 
provide a brief spatial analysis of some key socioeconomic variables for the Mediterranean and 
northern Europe. Figure 10 shows the distribution of population density. There is a clear spatial 
association between high populations, climate and agricultural productivity. In the southern DR8a 15
Mediterranean there are large areas of low rainfall and agricultural production and thus very 
low or no human population. Populations in the southern Mediterranean are concentrated in 
the highlands, coastal fringes and in the major river valleys which provide more amenable 
climates and access to markets, water and more fertile soils. 
Figure 10: Population density (persons/km
2). Source: Landscan (2007). Areas in purple 
have no population and in white are outside of the study area or with a population 
greater than the legend maximum. 
 
These populations are also clearly highly concentrated in some areas. The northern 
Mediterranean is highly urbanised (Figure 11), with these urbanisations being dense (in 
population terms). Population densities are highest in non-Scandinavian northern Europe, with 
contiguous highdensity urbanisation throughout the UK, the Netherlands, Belgium and 
Germany. Lower populations in the Scandinavian countries correspond with the very low 
temperatures and the resulting low productivity and challenging environments observed there. 
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Figure 11: Urban areas. Source: CIESIN et al. (2004). 
 
There are few quantitative measures of socioeconomic context available at the subnational 
scale and in a comparable form for all the countries of this analysis. Two such datasets 
produced by the Center for International Earth Science Information Network (CIESIN) are infant 
mortality (a measure of poverty) (Figure 12) and gross domestic product (GDP) (Figure 13). 
These maps show that there is a link between socioeconomic development and the climatic 
limits of temperature in the north of Europe and precipitation in the south and east of the 
Mediterranean. Infant mortality is highest in rural parts of the south and east Mediterranean 
and much lower throughout northern Europe. GDP is highly concentrated in urban areas, 
especially the financial and industrial centres of northern Europe and the northern 
Mediterranean, and is low in parts of north Africa and the eastern Mediterranean as well as 
Scandinavia. Low rural GDP may indicate vulnerability and a low adaptive capacity. DR8a 17
Figure 12: Infant mortality rate (per 1,000 live births). Source: CIESIN (2002). White is 
outside the area of interest or greater than the legend maximum value. 
 
Figure 13: Gross domestic product (millions of USD). Source: CIESIN (2002). Purple 
represents zero and white is outside the area of interest or greater than the legend 
maximum value. DR8a 18
Stressors: water 
The availability of sustainable water resources is perhaps the main environmental driver for 
population growth and development in arid areas. This is exemplified by the distribution 
percentage of land area flowing into dams for the region (Mulligan et al., 2009): Morocco 
(29.1), Algeria (12), Libya (0.1), Tunisia (10.3), Egypt (15.8), Israel (1.1), Lebanon (33.4), Syria 
(83.3), Turkey (68.2), Greece (15.4), Albania (29.0), Bosnia and Herzegovina (24.2), Croatia 
(13.1), Slovenia (20.8), Italy (20), France (18.3), Malta (0), Cyprus (9.8), Spain (73.4) and 
Portugal (28.9). Water resources are limited and highly unevenly distributed in line with rainfall 
(Figure 2). There are 180 million people classified as water poor, and 27 million with no access 
to an improved sanitation system, mainly in the southern Mediterranean (Plan Bleu, 2009a). 
Water quality is also considered to be decreasing owing to chronic pollution from untreated 
agricultural, domestic and industrial discharges, especially from pesticides and nitrates (Plan 
Bleu, 2009a). Water constrains productivity (Figure 5), especially in the south and the east, 
leading to the adoption of intensive and extensive irrigation in the region (Figure 6) which is 
sometimes unsustainable, drawing more water from fossil groundwater than is replenished by 
groundwater recharge on an annual basis. 
Figure 14 shows the catchment average water balance per person, which indicates the 
capacity of sustainable water resources for supporting the population and agriculture. We have 
calculated water balance as rainfall (Rf; Hijmans et al. 2005) minus potential evapotranspiration 
(PET; Zomer et al., 2008) on a 1-km resolution basis with negative water balances (PET>Rf) 
set to zero. Note that this analysis does not include inflows of water from rivers (which sustains 
some areas, e.g. the Nile) nor stores of fossil water but focuses on the locally produced 
renewable water resources since these will be critical for sustainable agricultural production in 
water-scarce areas. The water balance has been combined with a dataset for hydrological 
watersheds (Lehner et al., 2008) and population (Landscan, 2007). Areas in blue have plenty 
of water per person on a catchment average basis, whereas those in green, yellow and red 
show progressively lower per capita water resources. The most water-stressed catchments are 
in the southern Mediterranean because of lack of water, in the eastern Mediterranean because 
of lack of water combined with high population and in coastal northern Mediterranean because 
of small catchments with high populations living near the coast and a low water balance. This 
map is an indicator of environmental stress and it is interesting to note that some densely 
populated parts of northern Europe are also potentially water stressed on this measure. DR8a 19
Figure 14: Catchment average water balance (rainfall minus evapotranspiration) per 
person (m
3 per person per year). 
 
On a national basis, according to Plan Bleu (2009a), per capita resources of available 
renewable water are highest for Croatia, Montenegro and Albania (over 10,000 m
3 per person 
per year), while Algeria, Tunisia, Libya and Israel have the lowest levels (less than 500 m
3 per 
person per year). This results in greater water stress in the southern Mediterranean countries, 
putting these countries at higher water deficit risk in the future (Plan Bleu, 2010), which is 
further exacerbated by a high level of wastage and generally inefficient water use (Vidal et al., 
2001). With regards to per capita water-use footprints within the Mediterranean, only Algeria, 
Egypt and Albania fall below the global average (Hoekstra and Chapagain, 2007). Spain, Italy 
and Greece are in the highest consuming category, with a national average per capita water 
footprint between 2,300 and 2,400 m
3 of water per person per year, lagging behind only the 
USA. This water footprint was calculated using overall volume of consumption within the 
country, product composition of that consumption, agricultural water efficiencies in the country 
and climatic evaporative demand (Hoekstra and Chapagain, 2007). 
Hazards: flooding 
In addition to water stress, the Mediterranean populations and landscapes are subject to a 
range of natural hazards. In addition to the earthquakes, volcanoes and other geological 
hazards outside the scope of this work, the key migration-relevant hazards influenced by 
environment and environmental change are river flooding, wildfires and sea-level rise. 
Flooding causes sudden human displacement. Llasat et al. (2010) reviewed a total of 185 ﬂood 
events for 18 countries across the Mediterranean for the period 1990–2006 and calculated a 
reported material damage that exceeded €29 billion. In Llasat’s study, Italy was the country 
with the greatest material damage, followed by France, Romania, Turkey and Spain. Flood 
frequency is highest in Spain and Italy, although there are also more available data there. The DR8a 20
number of cases that affected Spain, Italy and France together amount to 59% of the 185 
Mediterranean-wide events considered. The distribution of ﬂoods is neither homogeneous 
across the region nor stationary over time, although most floods seem to occur in the western 
half of the Mediterranean. 
Floods are less frequent in the southern Mediterranean countries (northern Africa), but are 
usually catastrophic with a very high number of casualties. The total number of casualties over 
the whole area and time period studies by Llasat was 4,500 and was highest in the African 
countries bordering the Mediterranean. The highest number of casualties for a single recent 
flood event was the Algeria event of November 2001, followed by events in Morocco, Egypt 
and Italy. In 2001, extreme rainfall and windstorms triggered mudslides where the Atlas 
Mountains rose steeply above the densely populated coastal plain. Over 600 people were killed 
and there was significant urban unrest. There is also serious flood risk in some of the urban 
areas of southern Mediterranean owing to inadequate storm drainage infrastructure (World 
Bank, 2007). The impact of climate change on flooding is very difficult to anticipate given the 
extreme nature of generating events and the significant of local geomorphological, land-use 
and infrastructural contexts, but sensitivity to increased flooding will clearly equate with 
proximity of infrastructure to major rivers, climte change impacts, and land and water 
management contexts. There is also serious flood risk in urban areas worldwide owing to 
inadequate storm drainage infrastructure (World Bank, 2007). 
Hazards: wildfires 
Mediterranean forests are regularly subjected to a large number of fires; 600,000 ha burn every 
year according to Cemagref (2009), some of which are started deliberately. Figure 15 shows 
the mean observed frequency of fire burn events between 2001 and 2010, compiled by 
Mulligan (2010) from the MODIS burned-area product (Roy et al., 2008). Clearly the north and 
east Mediterranean are currently subject to significant fire risks which lead to significant burn 
areas and, in places, repeat burns. This hazard may be exacerbated by hotter, drier summers 
and by changes in population, land management and infrastructure. Burns in the southern 
Mediterranean are much less extensive. DR8a 21
Figure 15: Mean observed frequency of fire burn events (2001–10) (% of MODIS 
observations). From Mulligan (2010). 
 
Current migration due to environmental drivers 
We have – so far – described the state of context for ecosystem service provision, hazards and 
thus potential drivers for economic well-being, quality of life and thus migration in the 
Mediterranean. The GIS analysis has shown there is a strong environmental variability 
between the populous, agriculturally and infrastructurally complex and highly urbanised 
northern Mediterranean and the southern Mediterranean, developing gradients which may 
contribute to ‘push’ and ‘pull’ for migration. However, estimates of numbers of environmentally 
forced migrants and projections of future numbers in the Mediterranean are divergent and 
controversial. Many studies have pointed to the difficulties of linking environmental change and 
migration (for example, Myers and Kent, 1995; Black, 2001; Barnett, 2003; Smit and Pilifosova, 
2001; McLeman and Smit, 2006), and providing firm future projections of numbers of 
environmentally forced migrants is extremely difficult. The relationship between migration and 
environment is complex because of the many other social, economic and political factors that 
play a role in the relationship (Jäger et al., 2009). Migration should not be considered as a 
simple or automatic response to a singular risk, climate related or otherwise. Many factors 
combine to inﬂuence human behaviour, and migration sensitivities and options vary greatly 
among regions and social groups. In order to assess migration due to these drivers in the 
future, we need to combine a spatially explicit understanding of the probable trajectories for 
environmental change (the focus of Dr8a) with an assessment of the agricultural, economic 
and social vulnerability of a community to environmental change and likely human responses, 
taking into account past migration events (the focus of DR8b). DR8a 22
Conclusions – the environmental context of the Mediterranean 
The biophysical conditions of the Mediterranean are highly spatially and temporally variable. 
The region has areas of highly intensive, extensive and productive agriculture, particularly for 
high-value crops and for extensive cattle grazing. Irrigation is both intensive and extensive in 
different parts of the region as a means of supporting agriculture in dry climates or through the 
dry season, and this irrigation is sometimes unsustainable in the long term, drawing more water 
from fossil groundwater than is replenished by groundwater recharge on an annual basis. The 
Mediterranean region supports significant human populations, especially in the north and east, 
and is highly urbanised and industrialised in these areas. The southern countries are 
significantly more agricultural, with much lower and more dispersed populations and GDP and 
most activity focused on the wetter Mediterranean coastal region away from the arid interior. 
The Mediterranean is an ecologically important region with important conservation priority 
areas and a clear dependence on ecosystem services (especially provisioning services for food 
production, water quantity and quality, regulating services including water regulation, erosion 
control and supporting services for soil production) for agricultural production under sometimes 
climatically marginal conditions. Environmental hazards such as flooding and wildfire are an 
important factor in parts of the Mediterranean (especially the east for wildfires) and for urban 
populations on the floodplains of major rivers for flooding. 
Scenarios for change 
Here we move forward from the current context of the Mediterranean and its spatial variability 
and examine the probable changes in some of these key characteristics in the future. Clearly 
one never knows what the environmental future holds, so in examining projections for the 
Mediterranean we use an ensemble modelling approach wherever possible and examine the 
differences between the members of ensemble projections as a measure of the uncertainty in 
the projections offered. Although climte change projections are available for a range of 
scenarios, we only have access to downscaled data for multi-model A2a at present, although 
single-model results are also available for other scenarios including the A1 scenario. In many 
cases, the differences between models within a given scenario are greater than the differences 
between scenarios for a single model. In all cases, results should be treated as scenarios or 
possible/plausible futures, not as predictions, and the analysis carried out here focuses on 
spatial variability of change expected within and between countries rather than the exact 
magnitude of change expected. The A1 scenario available to us at the time that the spatial 
analysis was undertaken was the A1B scenario and this is used in the analysis presented 
below. 
The Intergovernmental Panel on Climate Change A1 scenario 
family 
The A1 scenario family from the Intergovernmental Panel on Climate Change (IPCC) 
(Nakicenovic and Swart, 2000) is characterised by: 
•  rapid demographic transition with declining mortality and fertility rates; 
•  very high productivity and economic growth in all regions; and 
•  rapid technological change. DR8a 23
There are three variants within this family that make different assumptions about sources of 
energy for this rapid growth (Arnell, 2004): fossil intensive (A1F), non-fossil fuels (A1T), a 
balance across all sources (A1B) 
Owing to these variations in energy systems, emission pathways for this family are the most 
diverse of all Special Report on Emissions Scenarios (SRES). The A1B ‘marker’ scenario 
assumes a balanced mix of technologies and supply sources with no single source of energy 
being dominant. Table 1 shows the key characteristics of this scenario for 2030, 2060 and 
2100. 
Table 1: Key characteristics of A1 scenario globally. 
World – A1B scenario  Unit  2000  2030  2060  2100  % 
Population Million  6,117 8,182 8,538 7,056 15.35 
Energy use (EJ)  EJ  314 669 1,180  1,741  454.46 
Energy  available  EJ  424 895 1,574  2,226  425.00 
Cumulative resources  Z J       
Coal    1.1 5.4 10.5  15.9  1345.4
Oil    1.7 8.2 14.4  20.8  1123.5
Gas    0.9 6.3 18.2  42.2  4588.8
9
Cumulative CO2  GtC 75.3  422.8  892.5  1492. 1881.5
Land use  Million 
ha 
     
Cropland   1,466  1,454 1,436 1,420 –3.14 
Grasslands   3,404  3,458 3,525 3,576 5.05 
Energy  biomass    0  158 484 495  
Forest    4,237 4,164 4,194 4,204 –0.78 
Others   3,842  3,715  3,299 3,253 –15.33 
Total   1,294 1,294 1,294 1,294 0.00 
Source: IPCC Data Distribution Centre. Available from: http://sres.ciesin.org/final_data.html. 
Climate change projections for the Mediterranean 
The Mediterranean climate may respond significantly to global climate change (Giorgi and 
Lionello, 2008) since it is a transition area between the temperate climates of central Europe DR8a 24
and the arid climates of northern Africa, and has significant gradients of precipitation (Figure 2) 
and temperature (Figure 3). Therefore, projected changes in global climate could modify the 
climate characteristics of the Mediterranean profoundly.  
Figures 16 and 17 show the difference in mean temperature and mean precipitation between 
1900–2050 and 2041–60 for the HADCM3 SRES A1B scenario averaged by watershed. Figure 
16 shows that warming may occur throughout the region, with a strong north–south gradient, 
the warming being greatest in coastal areas and to the south. 
Figure 17 shows that precipitation decrease may occur throughout the Mediterranean and 
European countries except the extreme south and the north, which may become wetter. 
Figure 16: Mean temperature change by basin (1900–2050 to 2041–60) for HADCM3 
SRES A1B (ºC * 100). 
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Figure 17: Mean precipitation change by basin (1900–2050 to 2041–60) for HADCM3 
SRES A1B (mm per year). 
 
 
Using the A1B marker scenario, Giorgi and Lionello (2008) analysed changes in temperature 
and precipitation for the Mediterranean basin with output from 17 general circulation models 
(GCMs) from the IPCCs 4th Assessment Report (IPCC, 2007). Generally, a change in 
circulation patterns is expected for the Mediterranean region as a result of increases in sea-
level pressure, a northward shift of the Atlantic storm track and a deflection of storms north of 
the Mediterranean into higher latitude areas. These changes in circulation are expected to lead 
to a general reduction in precipitation for the Mediterranean regions and an increase for the 
northern European regions as also shown by HADCM3 SRES A1B above. Figure 18 shows the 
projected changes in precipitation and temperature for the Mediterranean region for different 
seasons and time periods. This region (between 2–48°N and 9.5°W–38.5°E) covers 20 
countries fully or partially with climatic types ranging from the north-African desert to the Alps. 
Figure 18 shows that the projected decrease in precipitation occurs for all seasons and is 
particularly pronounced in the warm season (June to August), when it can exceed 20% for the 
2060–80 period and the lower decrease in winter on average. Indeed, according to Frei et al. 
(2006), the Alpine areas will receive more precipitation in winter. Temperature is projected to 
increase for all seasons, particularly in the summer period, with total warming expected to be 
between 2.5 and 4ºC for the 2060–80 period 
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Figure 18: Multi-model ensemble average change in mean precipitation and mean 
surface air temperature for the full Mediterranean region for four seasons and different 
time periods for the A1B scenario. Changes are calculated with respect to the 1961–80 
reference period and only include land points. DJF, December to February 10-year 
average; MAM, March to May 10-year average; JJA, June to August 10-year average; 
SON, September to November 10-year average. Source: Giorgi and Lionello (2008). 
Changes in temporal variability of precipitation and temperature are also expected. Schar et al. 
(2004) concluded that as a result of an increase in inter-annual variability of temperature along 
with mean long-term warming, the Mediterranean region might experience a much more 
frequent occurrence of extremely high temperature events and heatwaves. This was also 
studied by Giannakopolous et al. (2009), who found an increase in the number of days 
recording more than 30°C for the Mediterranean region. A similar increase in frequency has 
also been described for extreme precipitation events by Pal et al. (2004) for large regions of the 
Mediterranean. Aridity is expected to increase as a result of a general warming and a decrease 
in precipitation, which may lead to an increase in area and northward extension of arid regime 
lands, especially in the southern Mediterranean area (Gao and Giorgi, 2008). 
Uncertainties and sensitivities to scenario 
There are significant uncertainties in the climate projections, both between models for a given 
scenario and between scenarios for a given model. GCM mean temperature biases for the 
present climate in the Mediterranean region range from –5°C to 6°C (IPCC, 2007). Simulated 
current precipitation varies considerably between seasons and locations, but on average 
autumn to spring are overestimated and summers are underestimated compared with observed DR8a 27
values (IPCC, 2007). Regional climate models (RCMs) perform better in terms of the 
geographical variation of temperature and precipitation but, for south-eastern Europe, 
simulations for the summer are generally too warm and dry (Jacob et al., 2007). 
A significant source of uncertainty in projections for the Mediterranean region derives from 
unrealistic modelling of the climatic influence of the Mediterranean Sea (Lionello et al., 2008; 
Somot et al., 2008). Furthermore, particularly for RCMs, uncertainties in future land-use and 
land-cover change adds considerably to uncertainty in climate projections. Uncertainty in RCM 
simulations in Europe were addressed by the PRUDENCE project (http://prudence.dmi.dk/), 
which found that uncertainty in the boundary forcing plays a greater role than the RCM itself, 
particularly for temperature (Déqué et al., 2007). Of all SRES scenarios, the A1 scenario family 
has the greatest range of future GHG emission levels resulting from the various energy 
systems which range from non-fossil (A1T) to fossil fuel-dominated alternatives (A1C). 
In our analysis of the differences between 17 different GCMs for SRES, the SRES A2a 
scenario (the only multi-model ensemble available to us at the time) indicates a very large 
variation in projected impacts between the 17 different GCMs for some parts of the 
Mediterranean and north Europe but greater consistency between models elsewhere 
(suggesting greater certainty in projections). For temperature (Figure 19), there are very 
significant differences between projections for different GCMs for the south and east of the 
Mediterranean (the more continental areas) but much greater agreement in the north and in 
coastally or oceanically influenced zones. For precipitation (Figure 20), the greatest uncertainty 
between models is in mountainous areas, especially those in the north (possibly reflecting the 
different treatment of terrain by the GCMs), but there are also differences throughout the 
Mediterranean and especially in northern Europe. 
Figure 19: Temperature uncertainty (ºC * 10) (standard deviation of temperature between 
17 GCMs A2a scenario). Source: Mulligan (2009). DR8a 28
Figure 20: Precipitation uncertainty (standard deviation of precipitation between 17 
GCMs A2a scenario) mm per year. Source: Mulligan (2009). 
We have shown that there is significant variation in climate projections for the Mediterranean 
between 17 different climate models for the same scenario (Figure 16 and Figure 17) and for 
different scenarios (Figure 19 and Figure 20) and that these differences are highly spatially 
variable within and between countries. In addition to these modelling uncertainties, there are 
scientific uncertainties in how landscapes and ecosystems will react to climate change (see for 
example the section below on land-use scenarios). Of course, there are also uncertainties from 
non-environmental drivers, such as how humans will respond to these changes and their 
impacts. The impacts of climate change are thus very population, economy, politics and 
adaptation dependent (and these factors will change as climate changes). Although non-
environmental drivers are considered in more detail in Dr8b, we cannot ignore how these 
factors might change spatially, and so the next section outlines the available population and 
economic growth scenarios for the Mediterranean. 
Population growth and economic development scenarios 
Spatial projections for population and GDP are publicly available only for the SRES B2 
scenario. Under SRES B2, population increases by 2025 are expected to be greatest in the 
south and east of the Mediterranean basin and concentrated in coastal areas (Figure 21). 
Depopulation is expected to occur in parts of the north Mediterranean (especially Spain, Italy 
and Greece). Urbanisation in northern Europe is expected to continue. DR8a 29
Figure 21: Population projection for 2025 (persons/km
2, SRES B2). Source: CIESIN 
(2002). 
 
Published UN population division data (from the UN population division at 
http://www.un.org/esa/population/) show population projections per country for the 
Mediterranean region as per the UN 2008 revision. These data are for the medium variant that 
assumes medium fertility (level converging to 1.85 children per woman), current mortality 
(based on life expectancy per country) and current international migration (based on past 
migration) for each country. 
Table 2:Population projections (persons) for the Mediterranean. Source: UN population 
division data from the 2008 revision (http://www.un.org/esa/population/). 
Country  2000  2010  2025  2050  % change 
2000–50 
Albania 3,068  3,169  3,395  3,303  7.66 
Bosnia and Herzegovina  3,694  3,760  3,608  3,008  –18.57 
Croatia 4,505  4,410  4,254  3,825  –15.09 
France 59,128  62,637  65,769  67,668  14.44 DR8a 30
Country  2000  2010  2025  2050  % change 
2000–50 
Greece 10,942  11,183  11,274  10,939  –0.03 
Italy 57,116  60,098  60,018  57,066  –0.09 
Malta 389  410  426  413  6.17 
Montenegro 10,795  626  633  618  –94.28 
Slovenia 1,985  2,025  2,050  1,954  –1.56 
Spain 40,264  45,317  49,265  51,260  27.31 
Northern rim  191,886  193,635  200,692  200,054  4.26 
Algeria 30,506  35,423  42,882  49,610  62.62 
Cyprus 787  880  1,014  1,175  49.30 
Egypt 70,174  84,474  104,970  129,533  84.59 
Israel 6,084  7,285  8,769  10,649  75.03 
Lebanon 3,772  4,255  4,736  5,033  33.43 
Libyan Arab Jamahiriya  5,346  6,546  8,144  9,819  83.67 
Morocco 28,827  32,381  37,865  42,583  47.72 
Occupied Palestinian 
Territory 
3,149 4,409 6,553  10,265  225.98 
Syrian Arab Republic  16,511 22,505 28,592  36,911  123.55 DR8a 31
Country  2000  2010  2025  2050  % change 
2000–50 
Tunisia 9,452  10,374  11,797  12,711  34.48 
Turkey 66,460  75,705  87,364  97,389  46.54 
Southern rim  241,068  284,237  342,686  405,678  68.28 
All countries  432,954  477,872  543,378  605,732  39.91 
 
The total population for the region is expected to increase by 25% by 2025 and 40% by 2050. 
Population increase in the southern rim countries will be much greater than the growth in the 
northern rim countries (70% vs. 4%, respectively). This population growth is mainly the result of 
high fertility rates that are likely to slow down after 2030. The population in urban environments 
will probably increase, whereas the rural population will probably decline. Plan Bleu (2005) and 
the UN (2009) project that about one-third of the growth will take place in the coastal regions as 
depicted in Figure 21. Figure 22 shows projections for rural and urban populations for the 
Mediterranean northern and southern rim based on UN 2008 population data sourced from 
FAOSTAT (http://faostat.fao.org/site/550/default.aspx#ancor). 
Figure 22: Projections for rural and urban populations for the Mediterranean northern 
and southern rim. Reproduced using data source from United Nations (2009). 
The differences in population projections published by different organisations can be observed 
in Figure 23. All projections are based on projections from the UN Population Division but from DR8a 32
different base years and incorporate different assumptions concerning fertility, death and 
migration. For instance, Plan Bleu (2004) projections assume a slightly lower fertility rate for 
the future based on a much faster observed than projected slowdown in fertility rates for the 
south and the east of the Mediterranean. 
There is clearly a great deal of uncertainty related to population projections as a result of high 
uncertainty of future trends of fertility and migration (Lutz, 2004, 2010). The SRES storylines 
are based on UN population projections from 1998. However, in its 2000 report, projections for 
2050 had already risen by a further 5% (UN, 2002). 
Economic projections are also uncertain. This was already pointed out in the SRES report on 
emissions (Nakicenovic and Swart, 2000), but more recently van Vuuren et al. (2008) 
compared the A1 scenario with more recent scenarios of change and found that economic 
growth projections were probably overestimated, particularly in the period up to 2025. 
Figure 23: Population projections for different scenarios for the Mediterranean. Redrawn 
using data sourced from United Nations (2009). 
It is important to indicate that these projections of GDP are highly dependent on the 
socioeconomic scenario used. The B2 storyline represents a world with an emphasis on local 
solutions to economic, social and environmental sustainability, a continuously increasing 
population (but lower than A2) and intermediate economic development (Nakicenovic and 
Swart, 2000). GDP under this scenario (Figure 24) is expected to show little change in the 
south and east of the Mediterranean, with growth highly concentrated in urbanised and 
industrialised areas of the northern Mediterranean and northern Europe. Since economic 
development confers adaptive capacity but also determines economic dependence on stability 
and on the provision of ecosystem services, and thus economic sensitivity to change, these 
distinct spatial patterns will have implications for the manner in which populations respond to 
environmental change. 
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Figure 24: GDP change projection for 2025 (SRES B2, GDP millions of US$). Source: 
CIESIN (2002). 
Land-use scenarios for the Mediterranean 
The impact of climate change 
Potential drivers of future agricultural land-use change were discussed in relation to the 
Mediterranean region by Giupponi and Shechter (2003) and summarised by Rounsevell et al. 
(2005) as: 
‘world supply and demand trends, market intervention (through agricultural policy), rural 
development policy, environmental policy, EU enlargement, resource competition (e.g. 
urbanisation, recreation, bio-energy crops), the role of the World Trade Organisation 
(WTO) and climate change through its effect on crop productivity.’  
Therefore, the impact of climate change on land use is difficult to assess given the number and 
influence of non-environmental drivers, as well as environmental hazards such as frosts, floods 
and heatwaves, which are covered below. Moreover, some production, such as milk and meat 
production, may be threatened by a climate-driven increase in indigenous and non-indigenous 
diseases (World Bank, 2009). 
The response of vegetation to climate change is likely to be complex and non-linear. Generally, 
increasing CO2 increases plant productivity by triggering physiological responses in the plants, 
resulting in more efficient resource use (Begon et al., 1996). However, this is not a simple 
response as the climatic changes associated with elevated CO2 also impact on vegetative 
responses. Increased temperature can lead to a longer growing season (and associated higher 
productivity), but for areas already at the edge of physiological tolerances for temperature and 
water availability, the increased heat and water stress will dramatically reduce productivity by 
increasing respiration costs (thereby diverting resources away from production) and stimulating 
earlier maturation (resulting in smaller yields). DR8a 34
An overall increase in water availability through, for example, increased rainfall is generally 
associated with an increase in primary productivity, but the relationship becomes far more 
complex when the intensity and frequency of rainfall events is considered: intense rainfall 
events interspersed with extended dry periods, as expected under the A1 scenario, tend to 
damage non-hardy plants (such as citrus fruit, grapes and olives) (Oleson and Bindi, 2002). In 
conclusion, although increased atmospheric CO2 and temperature can increase total crop 
productivity, the expected decrease in precipitation for much of the Mediterranean, combined 
with greater variation in the periodicity and intensity of precipitation events, is likely to result in 
a net decrease in productivity in the region. High-value Mediterranean crops (fruit trees, olives 
and vines) are particularly vulnerable to the extreme weather events predicted to increase over 
the coming years (Oleson and Bindi, 2002). 
Modelling results by Rounsevell et al. (2005) using both climate change and socioeconomic 
change scenarios show that the area under agriculture declines substantially by 2080, 
including in Spain (74%), Portugal (73%) and Greece (68%), a much greater decline than in 
northern Europe. However, Schröter et al. (2005) found that European land-use scenarios were 
affected less by climate change than by socioeconomic drivers. Both studies agree that the 
decreases in agricultural land use would be replaced in the north by small increases in bio-
energy production and forests, as well as small increases in urban and protected areas. 
Although area is set to decline under the A1 family of scenarios, northern Europe will likely 
increase its overall agricultural productivity as a result of increasing rainfall and temperature 
(Oleson and Bindi, 2002). In the Mediterranean, advances in agricultural technology may lead 
to substantial declines in agricultural area unless there is a large increase in the demand for 
agricultural goods, or if crop productivity declines (Rounsevell et al., 2005). The higher 
frequency of heat and drought stresses may lead to increased irrigation demand, particularly in 
the southern and eastern countries, and to increasing stress on water supplies, leading to a 
shift in crop production, especially for summer crops (Metzger et al., 2006; Moriondo et al., 
2010). Irrigated areas could increase by 38% in the south and 58% in the east by 2030, with 
more than half of this expansion taking place in Turkey (Plan Bleu, 2008a). The abandonment 
of rain-fed agricultural land is also projected to increase (Serra et al., 2008). In populated and 
farmed areas, there may be an increased risk of land degradation. Regions that are specifically 
vulnerable to this are considered to include Morocco, coastal Algeria, Tunisia, southern Spain 
and large parts of Turkey (MedSec, 2009). 
In Verburg’s (2006) analysis of future land-use changes for Europe under the A1 scenario, the 
most striking change in land use is due to further urbanisation as a result of population and 
economic growth. This urban sprawl is particularly expected in the southern and eastern 
Mediterranean region and in the coastal areas (Brauch, 2003; Plan Bleu, 2005) and will have 
clear implications for demand for specific ecosystem services (including agricultural production) 
and sensitivity to environmental hazards. 
Agriculture and migration scenarios 
The Scenar 2020 (Nowicki et al., 2009) scenario looks at projected changes in agriculture and 
migration. The Scenar 2020 scenario is based on analysis of trends from 1990 to 2005 
projected to 2020, and projects a decline in the contribution of the agricultural sector to total 
income and employment in the EU27 leading to migratory pressures from rural to urban 
centres in the EU12 and from east to west in the EU as a whole. Productivity gains as a result 
of technological innovation in the agricultural sector will result in less land required for crops, 
even with a strong future growth in biofuel cropping. DR8a 35
Uncertainties with agricultural scenarios 
There are still many uncertainties with agricultural and migration scenarios. The IMAGE2.2 
model (Strengers et al., 2004) simulates land-use patterns forced by the A1B scenario and 
indicates that the total area of cropland in Europe might increase significantly as a result of 
greater food exports to regions such as China and India, and biomass crops will increase as a 
result of increased energy demand. These results are in contrast to earlier scenarios that 
assumed agricultural abandonment and a much lower growth in global food demand (e.g. FAO, 
2002). The differences are mainly the result of different assumptions on population growth and 
food consumption rates globally as well as the development of global open markets, and the 
increase in global food demand as a result of rapidly developing countries leading to an 
increase in agricultural land, more food crop cycles and greater fertiliser use in the 
Mediterranean. Other uncertainties with agricultural scenarios are due to lack of detail in 
spatially explicit modelling of land use and crop productivity. 
Climate change impacts on pull factors for potential pull countries (northern 
Europe) 
Climte change projections for the northern European regions indicate an increase in 
precipitation for these areas along with a general warming that is most pronounced in eastern 
Europe in winter and spring. The increase in rainfall is expected to have a beneficial impact on 
summer and winter crops above latitudes of 55°N, leading to higher yields in these regions 
(Moriondo et al., 2010). The projected land-use changes that are most notable for northern 
Europe are increases in urban and forested areas and a large reduction in the areas under 
agriculture, particularly for food production (Rounsevell et al., 2006). This potentially positive 
outcome of climate change may serve to strengthen the pull factors. 
Population growth in the northern European countries is projected to increase by only 6% up to 
2050 based on the UN population data (2008), which may also strengthen the region’s pull 
factors relative to the Mediterranean countries in which the population growth rate is expected 
to be higher and the environment is expected to become less amenable to supporting the flow 
of ecosystem services to increased and increasingly concentrated populations. The UK and 
Germany are the main exceptions to this population trend with a 22% increase and 15% 
decrease, respectively (UN, Department of Economic and Social Affairs, Population Division, 
2009). This difference is mainly the result of low birth rates and a rapidly ageing population in 
Germany compared with the UK, where birth rates are expected to remain high (UN 
Department of Economic and Social Affairs, Population Division, 2009). 
Potential impacts of these scenarios 
Hazards 
The climte change scenario ensemble projections under consideration indicate temperature 
increases along with reduced precipitation and an increase the inter-annual variability of both 
temperature and precipitation for the Mediterranean, which could result in an increase of 
hydroclimatic hazards. These include floods and droughts (as a result of snowmelt or rainfall 
extremes), soil erosion and landsliding (again as a result of increased rainfall extremes) 
combined with land degradation, sea-level rise combining with storm surges (and tectonic 
tsunamis, leading to inundation of densely populated coastal areas) and heatwaves affecting 
ageing and urban populations in particular. The Mediterranean region is potentially very 
sensitive to climate change because it is characterised by strong cultural, economic, political 
and demographic gradients in already climatically stressed conditions. The strong rainfall 
seasonality of the Mediterranean brings periodic and often-sustained droughts as well as 
occasional extreme precipitation that can lead to flooding. Climate change will probably DR8a 36
exacerbate the wet and dry extremes, and a lack of readiness and adequate adaptation 
strategies could result in critical situations in parts of the region. On the basis of recent 
migration trends, this may lead to an increased flow of people from the drier and poorer 
southern Mediterranean to (most likely) northern Mediterranean and northern European 
countries (Magnan et al., 2009). 
However, the projections of GCMs have limitations because of their poor spatial resolution, and 
the projected patterns of hazards such as drought are not consistent between GCMs, 
especially for areas with high precipitation variability over time and space, as in the case of 
Mediterranean climatic regions. Drought is also highly spatially variable and unpredictable 
owing to its correlation with unpredictable precipitation events, as has been pointed out for 
Turkey (Komuscu, 1999) and Spain (Vicente-Serrano et al., 2004). 
Impacts on droughts 
Using climate projections available at the time, Jones et al. (1996) projected that by the end of 
the twenty-first century, Europe will face increases in the intensity, duration and spatial area of 
drought in the Mediterranean basin. The regional consequences might be severe owing to the 
paucity of water resources in this area coupled with the high demand for water for agricultural, 
industrial and tourist activities and the impact of erosion and land degradation associated with 
agriculture (López Bermúdez and Sánchez, 1997). 
There are also significant hydroclimatic impacts originating outside the region, for example all 
of the population and agriculture in Egypt is concentrated in a narrow strip along the banks of 
the Nile and in the Nile Delta. Disruption of the Nile flow regime, whether due to climate change 
or human activity within the 10 African countries contributing to the flow of the Nile, may 
present serious consequences for the Egyptian population. Droughts could have serious 
impacts on water and food security with very rapid onset and difficult issues of conflict and 
benefit sharing around ecosystem service provision. 
Impacts on heatwaves 
Heatwaves in Europe have become more frequent in recent years (Della-Marta et al., 2007). 
Fischer and Schär (2010) analysed high-resolution regional climate simulations in Europe and 
predicted that the most pronounced changes in heatwave frequency and duration will occur in 
the southernmost areas of Europe, and projections of related health impacts will be most 
severe for low-altitude river basins in southern Europe and for the Mediterranean coasts, 
affecting many densely populated urban centres. Heatwaves exacerbate air pollution and can 
often lead to higher morbidity and mortality, predominantly in the elderly, infants and persons 
with pre-existing cardiovascular and respiratory disease. Substantial excess mortality has been 
observed during several recent heatwaves including the severe heatwave in the summer of 
2003, reviewed by García-Herrera (2010), which resulted in around 40,000 deaths across 
Europe. An increase in frequency and intensity of summer heatwaves can have serious 
economic consequences, such as on agricultural yield and energy demands for cooling. Wine 
harvests, for example, are very sensitive to changes in the frequency and duration of extreme 
heat events. According to Patterson and Josling (2005), Europe saw its weakest wine harvest 
for the past 10 years in 2003 (USDA/FAS, 2003), primarily due to a heatwave and drought in 
Germany, France, Italy, Luxembourg and Austria. 
Impacts on sea-level rise 
Scenarios for sea-level rise are highly uncertain, with climate change-driven thermal expansion 
of the oceans thought to account for only a few centimetres of rise over the coming decades. 
Rising sea level will mainly affect coastal and deltaic regions, but in the Mediterranean most of DR8a 37
the population live in precisely these areas. Much of the Nile Delta is already at or below sea 
level and is one of the world’s most densely populated ‘mega-deltas’. Therefore, even a 
marginal sea-level rise combined with storm surges could create disastrous flooding, for 
example in Alexandria, Egypt’s second city. Increased erosion of the Nile Delta has already 
been attributed to upstream engineering projects such as the Aswan High Dam, and as a result 
the land levels of the delta are falling at the same time as sea levels are rising because of 
climate change (Bohannon, 2010). Water quality in Egypt is already poor because of pollution 
due to lack of development control (Haas, 1990). 
Even if we ignore the few centimetres of sea-level rise expected through ocean warming, it is 
prudent to quantify the potential impact of very high and catastrophic sea-level rises and 
inundation as a result of storm surges, polar melting or tsunamis such as the historically 
documented event in eastern Mediterranean of AD365 (Shaw et al., 2008). The World Bank 
(World Bank, 2009) estimates that a rise in sea level of 1 m would affect just under 10% of the 
Nile Delta population (around 6 million people) and cause a loss of 10% of arable land. Using 
the Space Shuttle Radar Topography Mission (SRTM) data (Farr and Kobrick, 2000), Mulligan 
(2007) produces a crude global analysis of inundation under a series of catastrophic sea-level 
rise scenarios. A 2-m rise would inundate the coastal zone areas below 2-m elevation shown in 
Figure 25. Some of these areas (especially in the northern Mediterranean and northern 
Europe) are highly populated with significant infrastructure and commercial activity, meaning 
this inundation could significantly affect the high level of GDP in those areas (Figure 26). 
Figure 25: Inundation resulting from catastrophic 2-m sea-level rise/surge. Source: 
Mulligan (2007). 
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Figure 26: GDP (millions of US$ per year) loss that could result from a 2-m sea-level 
rise/surge. 
Significant population densities are also present in some of these areas (Figure 27), such that 
inundation could have very serious consequences for forced migration from northern Europe 
(UK, Netherlands), the northern Mediterranean (Venice) and the southern Mediterranean 
deltaic areas (Nile). The terrain datasets used here are too crude for any more detailed 
analysis (90-m spatial resolution) and do not fully incorporate significant investments in sea 
defences made in the Netherlands for example, but nevertheless the main spatial patterns are 
clear. 
Figure 27: Population that could be affected by a 2-m sea-level rise/surge. DR8a 39
Impacts on flood risk 
Risk of flood may also alter as a result of climate change. It is widely acknowledged that 
climate change may severely alter the risk of hydrological extremes and that changes in 
precipitation, especially the increased intensity and frequency of rainstorms, are likely to be 
reflected in increased run-off. 
Figure 28: Index of flood vulnerability (mean for administrative units). 
Figure 28 shows a crude index of flood risk (excluding the effects of mitigation measures that 
may be in place). This is an index of upstream cumulated rainfall (a measure of river system 
magnitude and thus hazard) and population density (a measure of exposure). The data are 
calculated on a 1-km pixel basis but are presented here as means for administrative units. The 
effects of mitigation measures are excluded, but the pattern of risk is clear (vulnerability to this 
risk will be reduced where investments in flood defence are made and maintained). Risks are 
greater in northern Europe and parts of the north and east Mediterranean because of the high 
population densities and large, humid catchments. Population, agriculture and economic 
activity in the north and east Mediterranean and parts of northern Europe are disproportionately 
concentrated in areas at risk for flooding. Although the flood risk is lower, flooding in the 
southern Mediterranean countries is of particular concern because flooding has historically 
been most devastating in this region in terms of casualties. 
Climate change may reduce risks overall because of lower rainfall but may increase them 
locally if extreme rainfall and snowmelt events become more frequent or of greater magnitude 
(Figure 29). DR8a 40
Figure 29: Area of permanent snow and ice (according to GlobCover) in river basins 
(km
2). 
 
Figure 29 shows the total area covered by permanent snow and ice (according to the 
GlobCover remote-sensing analysis). The permanent snow and ice area is summed in 
hydrological basins as an indication of (a) the dependence of water resources on snowmelt and 
thus the potential for enhanced drought if snow were to disappear and thus no longer sustain 
flows in the dry season and (b) the potential for rapid-onset snowmelt leading to enhanced 
downstream flooding. Clearly, a number of populous basins in Italy, France, Germany and 
parts of Eastern Europe have significant areas of permanent snow and ice upstream and are 
thus vulnerable to enhanced drought and flood risk with climate warming. Case studies for the 
Rhine, Rhone and Danube basins reported in Schröter (2005) indicated that changes in the 
temperature regime will both increase winter run-off from snowmelt and shift peak flows up to 2 
months earlier than at present. 
Impacts on desertification and soil erosion 
With aridity expected to increase under climate change, a substantial increase and northward 
extension of arid regime lands may take place, leading to increased desertification (Gao and 
Giorgi, 2008) and diminished productive capacity. Desertification is a result of both physical 
processes (land cover change, soil erosion, climate change) and human processes 
(unsustainable agricultural practices, rural depopulation). The impact of climate change on 
desertification will depend on a number of factors; the expected increase in storm frequency 
may increase soil erosion and the general decrease in rainfall will decrease vegetation cover 
and soil moisture impacting upon soil production, productivity, run-off and groundwater 
recharge. 
Nunes et al. (2009) addressed this issue by analysing the sensitivity of run-off and erosion to 
incremental degrees of change (from −20% to +20%) to storm rainfall and pre-storm soil 
moisture in two Mediterranean watersheds using the MEFIDIS model. Results are shown in 
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Table 3: MEFIDIS model sensitivity analysis of run-off and erosion to rainfall soil and 
vegetation. 
Changes in storm rainfall  High sensitivity (expected greater storm 
intensity and frequency – more run-off) 
Soil water content  High sensitivity (higher temperatures 
and less precipitation – drier soils – less 
run-off) 
Soil depth  High sensitivity (shallow soils – less soil 
moisture capacity – more run-off) 
Changes in vegetation cover  Low sensitivity  
In addition, studies indicate that bare agricultural or bare abandoned land will suffer more 
erosion than vegetated areas, for example see López-Vicente (2011), and so abandoned 
agricultural land that facilitates vegetation recovery may reduce soil erosion in the long term, 
although with consequences for the farm economy. Overall, Nunes’ (2009) results indicate that 
decreasing run-off from lower soil moisture levels caused by climate change and a decrease in 
agricultural land could be sufficient to offset the impact of greater storm intensity in 
Mediterranean watersheds, although areas with shallow soils (and steep slopes) will generally 
experience an increase soil erosion if the expected increase in rainstorms intensity and 
frequency occur. Figure 30 shows the mean slope gradient (based on 90 m SRTM terrain data 
aggregated to 1 km; Farr et al., 2000) averaged over watersheds. This can be used as a broad 
assessment of the areas particularly at risk of soil erosion and landsliding owing to their 
physical environment and thus of those areas vulnerable to change in these processes with 
climate change. 
Figure 30: Catchment mean slope gradient (degrees). 
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Human vulnerability to desertification as a consequence of social, political and economic 
variables is considered more fully in DR8b. However, given the projected combined impacts of 
climate change, dryland population growth and the pressure on drylands brought about by a 
projected global decline in good cultivable land, enhanced Mediterranean desertification may 
represent a risk to food security, health security and livelihood security, all of which impact on 
decisions to migrate. In north Africa, food security issues are particularly important. In areas of 
current water scarcity in north Africa there is already a dependence on cereal imports and thus 
international market dynamics (Yang and Zehnder, 2002). Nevertheless, desertification is 
usually a slow process rather than a catastrophic event and thus the direct links between 
desertification and migration events within the Mediterranean basin have yet to be 
demonstrated (Safriel, 2009). 
Impacts on wildfire risk 
Fire risk depends on human, ecological, biophysical and climatic factors such as whether it is a 
wet or dry summer, wind magnitude and direction, sources of ignition and the amount of dead 
wood available to propagate combustion (Pausas, 2004). Cemagref (2009) shows that fires 
during dry years, as in 2003 to 2008, can lead to a collapse of the biological operation of the 
ecosystem. A long dry period after a fire will slow or even stop plant regeneration. Similarly, the 
impact of a fire is greater on an environment that has recently suffered a long dry period since 
combustion may be more intensive than extensive. The recent trend in and projected future 
continuation of abandonment of land by farmers and a reduction in livestock pressure have 
resulted in high-fire-risk scrub species moving into the previously grazed areas. Four 
successive dry years would appear to constitute a critical threshold in the resistance of forests 
to fire. If summers become warmer and drier, forest ecosystems will become more vulnerable. 
To reduce fire risk, some areas have implemented scrub clearance programmes, for example 
in La Rioja region in Spain (Lasanta et al., 2009). Clearly, current burned areas are much more 
frequent and extensive in the east Mediterranean, and given that precipitation is projected to 
decline and temperature to increase in this area, wildfires may become more frequent and their 
consequences for landscape, air pollution and agriculture may worsen. However, some of 
these impacts may be manageable through vegetation management and changes to 
agricultural practices (reducing or better controlling the use of fire). 
Ecosystem services 
The Millennium Ecosystem Assessment identifies ecosystem services as ‘the benefits people 
obtain from ecosystems’ and defines four types (provisioning, regulating, cultural and 
supporting) which are closely linked to the five constituents of human well-being (Millennium 
Assessment, 2005). Important services include: 
•  provisioning services: for example crop and livestock production, freshwater, fibre and 
forestry, fisheries; 
•  regulating services: for example soil-erosion regulation, water-quality regulation, natural 
hazard regulation, carbon sequestration, pest regulation, flood protection; and 
•  cultural services, which are more difficult to quantify: for example aesthetics, recreation, 
ecotourism, and spiritual and religious values. 
One should distinguish between environmental services and ecosystem services (Mulligan et 
al., 2010). Environmental services are a function of the environment and relatively independent 
of the ecosystem (e.g. water quantity services resulting from high rainfall and low evaporation DR8a 43
in mountain regions). Ecosystem services on the other hand are fundamentally dependent on 
the local ecosystem present and can be managed by managing that ecosystem, an example 
being the high quality (low sediment concentration) water derived from intact forested 
ecosystems in mountain environments compared with the water quality from the same 
environments under agricultural land use. 
Provisioning services 
Key provisioning services within the Mediterranean include food production, freshwater 
production, soil productivity and energy production. Not all of these services originate within the 
region, indeed 11% of water used within the Mediterranean border countries originates outside 
the region (Plan Bleu, 2009b), creating external dependencies for the provision of these 
services. 
A 2005 review of the potential impacts of climate change on a wide range of ecosystem 
services across Europe found that generally the A2F1 scenario led to the greatest decrease in 
service provision, with the Mediterranean region being most vulnerable to these decreases 
when compared with other European regions (see Table 4 for a more detailed breakdown) 
(Schröter et al., 2005). 
Table 4: Results from Schröter et al. (2005) summarising, where possible, the impacts of 
climate change (A1F1 scenario) on various ecosystem services in the EU Mediterranean 
countries. 
Ecosystem 
service 
Potential implication of climate change in the Mediterranean by 
2080 
Provisioning services 
from cropland and 
grazing land 
Decrease by 10.7% and 8.7% (not accounting for technological 
change) 
Provisioning services 
from bioenergy crops 
Decreases in southern Europe and increases in northern Europe 
Water availability  20–38% of Mediterranean population living in watersheds with 
increased water stress 
Biodiversity (not a 
service per se) 
Impacts at species level, for example characteristic Mediterranean 
tree species, cork oak (Quercus suber), holm oak (Q. ilex), Aleppo 
pine (Pinus halepensis) and maritime pine (P. pinaster), are likely 
to decrease in distribution 
Reliable snow line 
(provisioning and 
regulating service for 
water) 
In the Alps, this is likely to rise by 200–400 m, thus reducing ski-
tourism potential DR8a 44
Food provision 
Food security occurs when all people, at all times, have physical and economic access to 
sufficient safe and nutritious food to meet their dietary needs and food preferences for a 
healthy and active life (FAO, 1996). Food security is a complex issue encompassing 
economics, agriculture and many other disciplines. A general evaluation of the probable 
impacts of climate change on food security within the Mediterranean region is challenging 
owing to the socioeconomic and policy differences within (e.g. north vs. south France) and 
between Mediterranean countries (Giupponi and Shechter, 2003). It is only fairly recently that 
the Mediterranean countries have achieved food security; NMCs generally reaching security by 
the mid-20th century, while most southern and eastern Mediterranean countries (SEMCs) 
achieved security by the 1990s. 
According to Padilla et al. (2005), per capita food production has tended to decrease from 2000 
to 2001, although most countries are producing more food than baseline (1989–91) levels (see 
Figure 31). In absolute terms, the southern Mediterranean countries are the least food-secure, 
although none are as insecure as sub-Saharan countries. Without changing current practices, 
the southern Mediterranean will most likely see a decrease in food security as a result of 
decreases in agricultural productivity and economic activity while population and food demand 
increases (Giupponi and Shechter, 2003). Without significantly more irrigation, there will be an 
increased reliance on imported food and a decrease in food export. 
Figure 31: Per capita food production for Mediterranean EU and SEMC using 1989–91 as 
a baseline level (Padilla et al., 2005). 
As discussed earlier, although increased atmospheric CO2 (through CO2 fertilisation) and 
temperature can increase total crop productivity, a decrease in precipitation, combined with 
greater variation in periodicity and intensity of precipitation events, may result in a net decrease 
in productivity in the Mediterranean (Vidal et al., 2001), which will have implications for food 
security. Under the A2 scenario, an increase in technology combined with CO2 fertilisation is 
likely to increase agricultural productivity in Europe up to 2030, but beyond 2030 the warming DR8a 45
is likely to become limiting to crop production (van Meijl et al., 2006). There is less research 
focused on SEMCs, however, but it is likely that agricultural productivity will be limited by water 
availability (Vidal et al., 2001) and, given that agriculture makes up the greatest user of water in 
the Mediterranean region (Shatanawi et al., 2005), food security is likely to decline. 
In order to further quantify the impact of climate change on productivity, Figure 32 shows that 
satellite-measured dry matter productivity (as a mean for the period 2000–10) from Mulligan 
(2009) responds strongly to annual precipitation (not shown) water balance (rainfall–ET, left) 
and temperature (right) in the Mediterranean region extracted from the datasets mapped in 
Figure 14 and Figure 3. The points represent 1,000 randomly chosen 1-km pixels covering land 
areas in the Mediterranean. On the basis of the existing patterns of productivity as a spatial 
analogue for change, we can expect decreases in water balance in the range of 600–100 mm 
per year and increases in temperature in the range of 20–23°C to cause significant declines in 
dryland plant production for fuel, fibre, cropland and grazing. Increases in rainfall and increases 
in mean annual temperature in the range of 15–20°C may lead to increases in productivity. 
Figure 32: Measured productivity from SPOT VGT data, water balance (mm per year) and 
mean annual temperature (°C * 100). Data sourced from Mulligan (2009). 
Water provision 
The hydrological cycle provides many ecosystem services: fresh water, in-stream flows, flood 
mitigation, cultural services for recreation, and supporting services enabling plant growth and 
providing habitat. Both aquatic and terrestrial ecosystems play an important part in providing 
hydrological services. Key systems responsible for water purification are riparian forests, 
wetlands and soils ecosystems, which act to slow the flow of water through the landscape and 
to filter out sediment, excess nutrients and metals. A further important ecosystem service is the 
reduction of sedimentation, thus maintaining the economic value of hydropower and reservoir 
dams. The human benefits of water cycling are often received away from the location of the 
ecosystem service provider; for example, an upstream forest may provide fresh water for a 
downstream conurbation located hundreds of kilometres away (Guo et al., 2001; Brauman et 
al., 2007). 
The hydrological cycle and associated ecosystem services are likely to be severely impacted 
by climate change, and the Mediterranean region has been defined as a ‘hot-spot’ for 
hydrological change (Mariotti et al., 2008). The dynamics of the hydrological cycle adds a 
further layer of complexity and uncertainty because of its dependence on GCM precipitation 
and the non-linear relationship between evaporation, precipitation and run-off (Nunes et al., 
2008) as affected by topography, vegetation and landscape flow connectivity. In order to 
capture some of these complexities, we apply the spatially explicit, physically based 
WATERWORLD model (http://www.policysupport.org/links/waterworld; Bruijnzeel et al., 2011; DR8a 46
Mulligan et al., 2011) to model the hydrological baseline (mean 1950–2000) and then a 
scenario for climate change based on HADCM3 A1B for 2050 downscaled to the baseline 
climate using the delta method. 
Under the HADCM3 A1B scenario, precipitation is likely to decrease in the Mediterranean (as 
shown in Figure 17). This decrease may be particularly pronounced in the summer, as shown 
in Figure 33. Higher temperatures are likely to lead to higher evapotranspiration, where water is 
available (Figure 34). Water balance is likely to dip therefore, especially in the summer (Figure 
35). 
Figure 33: Modelled precipitation under HADCM3 A1B scenario for 2050 (left) and 
baseline 2000 (right). 
 
Figure 34: Modelled actual evapotranspiration under HADCM A1B scenario for 2050 (left) 
and 2000 (right). 
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Figure 35: Modelled water balance under HADCM A1B scenario for 2050 (left) and 2000 
(right). 
 
However, the outcome will be highly spatially variable at regional and local scales and depend 
upon the GCM and scenario used. For example, Figure 36 shows the spatial variability of 
change in a single 10º tile for rainfall (left) and water balance (right). 
Figure 36: Spatial change in rainfall (left) and water balance (right) under HADCM A1B 
scenario (mm/hour), green/red = wetter, blue = drier. 
Nunes et al. (2008) describes hydrological modelling based on the A1B scenario in Portugal 
and found that increased temperature is likely to affect subsurface flows due to increased 
evaporation, while decreased rainfall affects both surface and subsurface flows, with water 
being diverted from run-off to plant use. Such changes are likely to vary spatially and 
temporally depending on soil properties, land-use change and population-change pressures . 
Under the A1F scenario, summer run-off in the Alpine region is likely to decrease by 46%, an 
increase in water stress occurring in the already stressed summer months (Schröter et al., 
2005). 
Water availability is fundamentally controlled by water quality as well as quantity, where water 
quality defines its suitability for a given purpose. Water quality is an important regulating 
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services. Across all Mediterranean basin countries, it is estimated that water availability will fall 
from approximately 350 m
3 per inhabitant per year to approximately 300 m
3 per inhabitant per 
year by 2025, and still be at that level by 2050 (Shatanawi et al., 2005). This effect is unlikely to 
be spatially even across the region, with NMCs experiencing less shortage due to increased 
precipitation. Although consumption patterns are likely to increase under the A1 scenario, it is 
hypothesised that the assumed technological advances will to some extent offset the 
associated increase in water demand by increasing the efficiency of agricultural production and 
irrigation techniques. However, the proportion of urban population is likely to increase at a 
higher rate than that of rural population. Given that spatial and cultural separation from the 
source of an ecosystem service, in this case from upstream watershed ecosystems, leads to a 
reduced awareness of the reliance on that ecosystem, it may be difficult to bring about the 
changes in individual behaviour necessary to reduce water demand (Brauman et al., 2007). 
This ‘disconnection’ from nature is likely to be most felt in the SEMC countries owing to the 
high rates of projected urbanisation. These countries already suffer water shortages, and 
therefore face a combination of the greatest increase in water scarcity, the greatest increase in 
irrigation, the highest population growth and the greatest increase in urbanisation (Plan Bleu, 
2009b). 
Energy production – ecosystem services and power 
In Mediterranean rim countries, just 1% of electricity came from renewable sources in 2000, 
with a further 2% from hydropower and the remainder predominantly from fossil fuels. Figure 
37 shows the per capita energy usage of Mediterranean countries from different supply 
sources for 2000 and estimates for 2025 [data sourced from the International Energy Agency, 
from 1971 to 2000 energy balances of the Organisation for Economic Co-operation and 
Development (OECD) and non-OECD countries]. 
Ecosystems can provide energy services through biofuels and hydropower. Although there is a 
potential for up to 8,000 MW production of power from biofuels in the SEMC, the increasing 
pressures on agriculture in parts of the region may mean that biofuel production is not 
sustainable (Pimentel, 2003). Hydropower relies on run-off and, although precipitation is likely 
to increase, run-off is not always anticipated to do the same, meaning that future hydropower 
potential may decrease as a result of climate change (Harrison et al., 1998). Furthermore, 
although the potential for small-scale dams is generally high across the Mediterranean basin, 
some countries have little scope for further development (for example 73.4% of Spain’s land 
area already drains into a dam). In some cases, dams might become less productive, for 
example Egypt currently generates 11% of its electricity from hydropower plants, but is likely to 
reduce to 3.5% by 2025 owing to a decrease in surface water availability and increased 
sedimentation in the dams (Plan Bleu, 2008b). Detailed consideration of site availability (and 
the robustness of that suitability under climate change), along with a cost-benefit analysis 
considering the pressures of hydropower production on water resources, is necessary (Plan 
Bleu, 2008b) as well as better understanding conflicts between upstream and downstream 
users and uses of water. 
Regulating services 
Climate regulation and carbon sequestration are important regulating services. Vegetation can 
act as a carbon sink by extracting CO2 from the atmosphere and converting it to plant material 
through photosynthesis. When vegetation dies, carbon is stored in dead wood or the soil and 
eventually returns to the atmosphere; some estimates place the global soil carbon store at over 
2,700 Gt (Lal, 2008). Sequestration and storage of carbon regulates the atmospheric DR8a 49
Figure 37: Per capita electricity use for the Mediterranean rim countries in 2000 (top) 
and 2025 (bottom) showing the supply sources. Renewables are classed as 
geothermal, solar and wind energy. 
 
 
composition and thus climate and, to some extent, buffers increasing carbon emissions. 
Mediterranean ecosystems are currently thought to be a net carbon sink (Morales et al., 2007). 
Sequestration levels range from 0.01 to 1.08 t C/ha, the highest levels occurring in Croatia and 
Slovenia (Croitoru and Merlo, 2005). 
Current atmospheric CO2 limits photosynthesis and increasing atmospheric carbon in the future 
may enable faster photosynthesis through CO2 fertilisation, while rising temperatures may lead 
to longer growing seasons in northern Europe (although limited by water stress). Faster 
photosynthesis and longer growing seasons both potentially increase carbon sequestration 
(Davi et al., 2008). Under the A1F scenario, by 2080 there is likely to be 1.8 Pg more carbon DR8a 50
sequestered across the EU compared with 1990 baseline levels owing to an overall decrease 
in agriculture combined with an increase in forest cover (Schröter et al., 2005). However, in 
areas under water stress there will be a probable reduction in the sequestering capacity of the 
region due to lack of vegetative carbon uptake and increased soil carbon losses (Geeson et al., 
2002). Carbon uptake (even under forest land cover), when compared with emissions from 
fossil fuel use, is small (Schröter et al., 2005). Assuming some continued reliance on fossil 
fuels (as per A1b/A1f scenarios), increasing urbanisation of the SEMC suggests that carbon 
sequestration by Mediterranean ecosystems will not be sufficient to offset emissions in the 
region. 
Water purification by ecosystems is fundamental to the provision of water quantity since the 
quality of supplied water determines its suitability for a given purpose (e.g. irrigation, domestic 
consumption, hydropower generation). The ‘human footprint on water’ is shown in Figure 38 
and is a measure of the influence of cropland, pasture, urban areas, mining, roads, oil and gas 
on local and downstream water quality. The index is essentially the percentage of run-off in 
each pixel that has been influenced by non-protected areas (human influences) upstream. 
Rainfall is accumulated along the flow network with a weighting of 0–100 where it falls on a 
human-influenced area from the list above (according to the percentage cover of that influence 
within the pixel) and 0 where it falls on a protected or non-human-influenced area that is 
assumed to provide the dilution or purification service. Thus, the human footprint index sums 
indicate the probable effect of contaminants associated with urban, agricultural, transport and 
industrial processes on water quality downstream. 
Northern Europe and the north Mediterranean have some of the greatest footprints and 
therefore require significant water treatment and diversion to retain water quality. Even in the 
southern Mediterranean, extensive grazing has an impact on this surrogate for downstream 
water quality. Increased urbanisation, agricultural mechanisation and reduced water balances 
will probably exacerbate the water-quality problem. 
Figure 38: The human footprint on water (%). A metric of the upstream influence on 
water by human and natural landscapes and thus a surrogate for potential impacts on 
downstream water quality. DR8a 51
Protected areas provide a regulating service through their impact on reducing the human 
footprint on water and thus maintaining water quality but also by filtering out contaminants in 
flow. Ecosystems with intact root and ground cover are the most efficient in filtering 
contaminants from the water; this efficiency will be impacted by changes in land use, 
particularly within riparian zones (Brauman et al., 2007). 
Cultural services 
In addition to the significant provisioning and regulating services, densely populated areas 
receive significant cultural service, which form part of an individual’s quality of life. Protected 
areas provide a range of provisioning and regulating services as well as a cultural service for 
spiritual, aesthetic and recreational benefit. The six EU Mediterranean countries contain almost 
1.5 million km
2 of protected areas, accounting for 38% of the EU total (Eurostat, 2010b). Figure 
9 shows the areas of conservation priority for three major conservation organisations (not UK – 
no data are available at the time of analysis). The Mediterranean is generally of much greater 
conservation value than northern Europe, so risk to aesthetic services which provide benefits to 
Mediterranean nationals as well as a thriving tourist industry is greater. Conversely, there is a 
significant need to find more space for nature in northern Europe if ecosystem services are to 
be sustained as economic development continues and climate changes. 
In addition to the services provided, it is important to maintain a patchwork of natural areas in 
order to protect threatened species and maintain a functional ecosystem. Even if land-use 
pressures on ecosystems in the Mediterranean reduce, climate change may impact directly on 
these highly heterogeneous species- and endemism-rich systems. A modelling study on forest 
distributions on the Iberian peninsula found a probable reduction in forest extent there under all 
emission scenarios, with A1 and A2 causing the greatest loss in habitat by 2080 (Benito 
Garzon et al., 2008). The intensity of land use and small size of individual protected areas, 
especially in the northern Mediterranean, exacerbate the difficulties of biological conservation 
in these systems and a much-expanded network of protected areas or efforts to increase 
species movement may be necessary (Loarie et al., 2009) to avoid the loss of important 
cultural services. 
One of the hard economic benefits of the cultural services is tourism. This is very difficult to 
derive spatial data for, especially on the subnational level. An index of tourism is shown in 
Figure 39, which portrays the density of uploaded photos on the photo-sharing websites 
Panoramio and Flickr. Ignoring the clear bright spots associated with urban tourism, clearly the 
Alps and the Mediterranean coastline are areas of significant tourism, but are at risk of the 
predicted changes to snowmelt (Alps) and sea-level rise (at the coastline) and other hazards 
such as drought as well as degradation through intensive use. Significant temporary migration 
from northern Europe to the Mediterranean already occur to hotels or holiday homes in the 
Mediterranean and thus, as well as providing a significant economic benefit, the population 
concentrations associated with this tourism can lead to significant local degradation of 
resources, especially water. 
Pull factors in northern Europe relating to ecosystem services 
Generally, the provision of provisioning, regulating and cultural ecosystem services in the 
Mediterranean is therefore expected to decline with the onset of climate change and continued 
population pressure. It is likely that provisioning ecosystem services in northern Europe will 
improve with climate change, for example, northern Europe is likely to increase agricultural 
productivity owing to increasing rainfall and temperatures (Oleson and Bindi, 2002). In terms of DR8a 52
Figure 39: High-value tourism index. Density of online (Panoramio, Flickr) 
photographs as an index of tourism value. Source: compiled by Mulligan and Heinla, 
2010. 
 
energy production, biofuel crop potential in northern Europe is expected to increase by 12% 
between latitudes of 45° and 55°, and 32% between 65° and 71°. There is also expected to be 
less conflict between biofuel crops and food crops owing to the increased productivity potential 
for biofuels under future climates (Schröter et al., 2005). Regulating and cultural services may 
improve with continued planning, regulatory vigilance and population stabilisation. Finally, a 
warming of 4°C will move the optimum tourist summer climate to northern Europe, regardless 
of precipitation changes (Perry, 2006). Such changes may exacerbate the current gradient 
increasing environmental pressure from north to south on agricultural and urban populations. 
Conclusions 
The Mediterranean is a spatially complex region with strong international and intra-national 
gradients in climate, landscape and socioeconomic conditions. This enormous diversity of the 
region means that generalisations on climate, landscape, agriculture, ecosystem services, 
hazards, migrations and the impacts of environmental change upon them cannot be made. 
Rather, one must take a spatially explicit approach to understand the distribution of state and 
change in these variables within and between countries in order to better understand the 
interactions between environment and regional or national migrations. Most of the proximal 
drivers for migration are political, social, economic and cultural, and thus it is very difficult to 
find clear relationships with environmental factors, although environmental factors surely have 
a role to play in setting the context for the socioeconomic landscape to play out. 
Population, GDP and infrastructure have developed over millennia in the Mediterranean and 
both the level of population and the magnitude of GDP are strongly conditioned by overall 
climate suitability. The SRES scenarios are expected to lead to significant changes in DR8a 53
population and GDP throughout the basin, with the greatest population change in the south and 
east and the greatest GDP increase in the north, potentially further separating the income and 
well-being gradient that currently exists from north to south. Much of the population increase is 
expected to be urban populations, and will thus generate an increasingly spatially concentrated 
set of pressure on ecosystem services and exposures to hazards. Continued land degradation, 
agricultural intensification or abandonment, industrialisation and post-industrialisation may lead 
to continued rural–urban flows within and between countries. Since GDP increases are focused 
on the urban and industrial areas of the north Mediterranean and northern Europe, these cities 
may be particularly attractive to migrants from inside and outside the Mediterranean region and 
may also be much more open to migration given a potential surplus of employment over 
demand. 
Climate changes will be strongly spatially variable within countries both latitudinally, 
continentally and altitudinally. According to an ensemble mean for 17 GCMs, climate is 
expected to warm throughout the basin, but especially in the south, and rainfall is expected to 
decrease throughout the basin but increase in the extreme south and also in northern Europe. 
These changes will have a mixture of positive and negative impacts for agriculture, water 
resources and other ecosystem services as well as for hazards. There may be improvements 
in water resources and ecosystem services in parts of the Mediterranean and northern Europe. 
Productivity may increase in parts of the Mediterranean basin although this will be strongly 
limited by water availability and the impact of drought and extreme rainfall events. Short-term 
increases may lead to longer term declines if temperatures continue to increase. Productivity in 
northern Europe will probably increase with the increasing temperature, growing season length 
and rainfall. 
Hazards can be expected to increase throughout the region but risk will probably be much 
greater in the northern Mediterranean and northern Europe, where populations are greater and 
more concentrated, where mountains are present and where existing infrastructure and GDP is 
greatest, thus increasing exposure. Since significant investments in mitigation and emergency 
planning measures exist in these countries, the resulting disasters (for all but the most extreme 
events) may be, as currently, less damaging to life and property than in the southern 
Mediterranean. The complexity of impacts of climate change on agricultural productivity, 
ecosystem service provision, hazard and disaster are poorly known at the regional scale, 
though a number of case studies within the region point to potentially serious negative impacts 
especially in the northern Mediterranean and some potentially positive impacts in parts of the 
south. Such case studies should be extrapolated with caution given the heterogeneous nature 
of the Mediterranean as indicated by the spatial analysis presented. 
Overall, this means that while the south of the basin is clearly currently the economically poorer 
area, climate change may improve productivity, agriculture, water resources and ecosystem 
services in parts of that region while creating greater risks for natural hazards in the populous 
and infrastructurally sensitive north. If, as expected, population and urbanisation continue to 
grow in the south, risk in this region is likely to increase. The distribution of climate impacts in 
relation to the current distribution of population and the land that provides populations with key 
provisioning and regulating services will be critical. Any positive changes in the south may be 
cancelled out by increased human pressure on the landscape as populations grow. The areas 
with the greatest potentially negative impacts include those agriculturally intensive and 
populous regions of the northern Mediterranean, whereas areas with potentially positive 
impacts of climate change are currently both agricultural and population deserts, so few people 
will benefit unless they or the harvesters of their ecosystem services migrate to these areas. DR8a 54
There are significant uncertainties as to how agriculture and human behaviour will respond to 
these impacts since the responses are dependent upon the population density, economics, 
politics, culture and adaptive capacity. These characteristics are not easily mapped at the 
European scale and they also change over time in unpredictable ways. The wealthier Northern 
Mediterranean is, on the face of it, more adaptable but since these areas carry the greatest 
populations, intensive agriculture and are presently at the limits of environmental sustainability, 
these areas are also more vulnerable to loss of ecosystem services and increase in the 
frequency and magnitude of hazards through climate change. 
In conclusion, while environmental change of one form or another is inevitable, its impact on 
the status quo ante will vary according to the complexity and magnitude of the current human 
infrastructure. Significant environmental change over coming decades may lead to enhanced 
economic or even forced migration to areas where environmental and economic conditions are 
more amenable. There will be significant pressures for movement within the Mediterranean, 
especially south to north, south to east and rural to urban, as well as potentially between rural 
and urban areas. Given the complexity of Mediterranean landscapes and the spatial 
heterogeneity of the impacts of climate change, internal migration may be a smart adaptation 
mechanism to make use of new agricultural and other opportunities, especially in the extreme 
southern Mediterranean. While push factors for migration may increase in the coastal southern 
Mediterranean areas and parts of eastern Europe, so some pull factors in the north 
Mediterranean and north Europe may also decline as a result of climate change and its 
impacts, particularly given the significant current flows of food from southern to northern 
Europe. Indeed, the populations most vulnerable to climate change impacts are likely to be 
those very highly urbanised and infrastructurally complex societies in parts of the northern 
Mediterranean that are already close to agricultural and water-resource limits and in hazard-
prone environments rather than the relatively disbursed and potentially more resilient 
populations of the southern Mediterranean. 
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Glossary 
EU27: Austria, Belgium, Bulgaria, Cyprus, Czech Republic, Denmark, Estonia, Finland, 
France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxemburg, Malta, the 
Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden and the United 
Kingdom. 
EU12: Austria, Belgium, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, 
Netherlands, Portugal, Spain. 
SMCs Cyprus, Turkey, Syria, Lebanon, Israel, Egypt, Libya, Tunisia, Algeria and Morocco. 
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